An assessment was made of the consumer accessibility by income to carotenoids in the eleven major Brazilian urban centers. The consumption data published by the POF (National Household Budget Survey, 1995-1996 and the Brazilian database on food carotenoids provided the basis for the study. The USDA-NCC Carotenoid Database for US foods was used whenever the carotenoid content was not found locally. Prudent individual daily intakes of beta-carotene (3 to 6mg), pro-vitamins A (5.2 to 6mg) and total carotenoids (9 to 18mg) were far from attained by the poorer households in all of the regions studied, but the availability rose as the level of income increased in all regions. The principal foods identified, which significantly contributed to the carotenoid supply were: (β-carotene) carrots, squash, mango and tomato, (lycopene) tomato, tomato sauce, watermelon and papaya, (lutein and zeaxanthin) corn flour, kale, lettuce and orange. The study suggests that consumption of carotenogenic foods in Brazil may have been low at the time, despite the wide natural distribution and abundance in the country. The implications that low consumption of carotenogenic foods may have on public health came to be better known in more recent years, but the data should be useful when comparing with the 2002/2003 POF.
Introduction
Epidemiological studies indicate that an abundant consumption of fruits and vegetables is associated with a low incidence of cancer, cardiovascular and age-related degenerative diseases (Block et al., 1992; Willet, 1994; Ames et al., 1995) . Despite this important relationship between diet and health, Brazil like many other countries lack nation-wide data on the consumption of carotenoids as health indicators.
Among the more than 600 carotenoids encountered in nature, α-carotene, β-carotene, lycopene, lutein, zeaxanthin and β-cryptoxanthin are the major members of this family found in our diet, with β-carotene, α-carotene and β-cryptoxanthin exhibiting vitamin-A activity.
Besides the provitamin-A functionality of this restricted group, a general antioxidant and protecting activity to the human body is widely recognized, increasing immunocompetence and inhibiting the occurrence of mutagenesis and premalignant lesions. In general, carotenoids protect animal tissues by virtue of their physical-chemical properties by means of one or more of the following mechanisms: extinction of singlet oxygen species, quenching of peroxyl radicals, modulation of the metabolism of carcinogenic substances, inhibition of abnormal cell proliferation, enhancement of retinoid-mediated cell differentiation, stimulation of inter-cellular communication, enhancement of the immune response and blue light filtration (Olson, 1999) . The ability that certain carotenoids to inhibit non-photochemical fluorescence and function as ancillary pigments in the macula of primates, has also been reported, while the consumption of lutein and zeaxanthin is associated with a lower risk of macular degeneration and cataract (Mares-Perlman et al., 2002; Moeller et al., 2000) .
Presently, the Institute of Medicine (2000) has not issued official recommendations for the ingestion of carotenoids. There are, however, statements alerting about the "prudent levels of ingestion" commensurate with good health, endorsed by US federal agencies and other organizations that recommend reasonable ingestions of fruits and vegetables. Based on population studies, the IOM suggests a daily prudent ingestion of 3 to 6mg of β-carotene from food sources, in order to maintain plasma levels within the range that is associated with a low risk of chronic diseases. Thus, food guides in the United States and the National Cancer Institute advice that adhering to the proposed diet would be equivalent to consuming from 5.2 to 6mg/day of provitamin-A carotenoids, from a varied diet containing fruits and vegetables (Lachance, 1997) . Canadian food guides in turn recommend similar intakes (Health Canada, 1997) , while other health institutes based on food consumption recommend approximately from 9 to 18mg/day (WCRF/AICR, 1997).
The Brazilian National Household Budget Survey (Pesquisa de Orçamento Familiar, POF) is a nationwide direct food purchase survey, useful as an indirect estimate of food consumption by the population.
The present study analyzes the POF (1995) (1996) data from the point of view of the household availability of carotenoids, particularly with regard to β-carotene, lycopene, lutein and zeaxanthin, in the nine contemporary Brazilian metropolitan regions, the Federal District and the municipality of Goiania. It was also desirable to identify the food items that most significantly contributed to the intake of such substances, according to ten revenue brackets in the population.
Methodology
The adopted procedure utilized the data on food purchases by 16,013 households (household availability) of the Pesquisa de Orçamento Familiar (POF 1995 (POF -1996 IBGE, 1997) , and converted to per-capita availability of carotenoids. These data were collected and compiled by sampling the households of 10 metropolitan regions: Rio de Janeiro, Porto Alegre, Belo Horizonte, Recife, São Paulo, Belém, Fortaleza, Salvador, Curitiba, in addition to the Federal District and the city of Goiânia (IBGE, 2001) . The survey specified expenses with regard to the family's total revenue, proceeding from wages and otherwise, divided into ten income levels. As a whole, these regions represented 37.7% of all city dwellers and 29.8% of the Brazilian population. Sample size calculation and random sorting of the households followed procedures described on pages 13-17 (IBGE, 1997) . Among the limitations of the survey's data it is pertinent to mention the lack of information on availability by individual and the precise amount of the purchased food to be consumed (Helsing, Becker, 1991) .
The levels of total income were ranked in terms of multiples of the Minimum wage (MW=R$112,00) and re-grouped into the following strata: up to 2MW, 2-3, 3-5, 5-6, 6-8, 8-10, 10-15, 10-15, 15-20, 20-30 and more than 30MW (IBGE, 2001) .
In order to determine the per-capita food consumption for every household, per year, the IBGE divided the sum-total of food products acquired along the year by the number of individuals in each category. The information was collected by means of data sheets denominated "Cadernetas de Despesa Coletiva-POF 3", where detailed daily information was entered along seven consecutive days, including the description of the products characteristics, quantity, units, amount paid and place of purchase.
The groups of products were those acquired with the specific purpose of consumption within the household and included: cereals and legumes, leafy vegetables, fruits, coconut, nuts, flours, fecula and pasta, breads, meats, offal, fishes, birds and eggs, milk products, sugar and sugary products, salts and condiments, fats and oils, beverages and infusions, ready-to-eat foods, industrialized mixtures, among others. Some products did not have their consumption recorded due to incomplete information about quantity, representing 10.92% of the total expenses with food (IBGE, 1997).
Food carotenoid database
The carotenoid contents of the food items were preferentially those obtained and compiled by the carotenoid laboratory of the State University of Campinas, Brazil, and several others of Brazilian origin acquired by modern and accurate methods. When no Brazilian data were available on a specific food item, the USDA-NCC Carotenoid Database for U.S. Foods were used (Holden et al., 1999) . Details on the selection of the data for individual food items are available elsewhere (Padovani, 2003) . A Microsoft Excel worksheet was designed for correcting the actual amounts purchased of those foods whose edible portion was not 100% (Silva, Monerat, 1986) into the possibly ingested portions and subsequently converting these into amounts of carotenoids ingested.
Food items purchased in minute amounts by the families were not itemized by the IBGE. For such miscellaneous or unidentified food items termed as "others" by the automatic recovery system (SIDRA of the IBGE), the average nutrient content of the specific food list of the IBGE was used (Padovani, 2003) .
Results

Carotenoids
The household availability of the five most abundant food carotenoids acquired in the nine metropolitan regions of Brazil and the cities of Brasília-DF and Goiânia, are shown in Table 1 . From these general data it became evident that the availability of β-carotene was low for the poorer strata of the population. Over-all, the procurement ranged from 189μg (São Paulo, revenue bracket ≤2MW) to 2654μg (São Paulo, bracket 20 -30MW).
Considering the procurement for α-carotene, sources ample variation was also observed. Access to this carotenoid ranged from 26μg (São Paulo, ≤2MW) to 559μg per day (Belo Horizonte, 2 to 3 MW). With respect to β-cryptoxanthin, the lowest procurement (27μg) was found in Recife (≤2MW) while the highest was in Salvador (447μg), in families of more than 30MW.
The daily procurement for lycopene sources varied from 169 (Fortaleza, families with ≤2MW, to 3640μg (Salvador, stratum with >30MW). Furthermore, the daily procurement of zeaxanhtin and lutein, together, was found to be between 39 in the metropolitan region of Belém (≤2MW) and 854μg, in the Federal District (>30MW).
Identification of the principal food sources
Considering that the consumption profile of fruits and vegetables could be indicative of the prevalence of certain pathologies typical of a population and be linked to a socio-economic class, it was deemed important to attempt to identify the principal sources of these nutrients. In each region, the foods responsible for the bulk of the access of each carotenoid by the population were identified. The percent contribution of each food item are apparent in Tables 2, 3 and 4. For the sake of simplicity, only items that at any one revenue level contributed with 3% or more of the total procurement for each carotenoid, were considered. Listing was abridged to contain only food items that would contribute with at least ~6% 
Beta-carotene
As can be seen from Table 2 , the food items that most strongly contributed to the supply of β-carotene in the great majority of the urban centers were carrots, squashes, mango and tomato. Carrots, a rich source (30-60µg/g), was one of the three most significant sources of β-carotene in all regions (average of ~30%), in spite of its contribution have ranged between 11.3 and 56.1%.
Notwithstanding the fact of leafy vegetables, like kale (couve), arugula (rúcula), Watercress (agrião), being rich sources of β-carotene, in addition to their important contribution as sources of folic acid and health promoting fibers, their presence in the Brazilian diet was low (generally <10% of the carotenoid contribution), except in Curitiba, São Paulo, Belo Horizonte and Goiânia. In Brasília and Porto Alegre, leafy vegetables appeared to be important only among the more affluent families.
Likewise and owing to the low intake of carotenogenic foods in general, relatively poor sources of β-carotene such as mangoes and tomatoes ranked as significant (3.7 to 14.9%) sources in the majority of the urban center's population. The value of 21.7%, found in Curitiba for the revenue level of between 2 and 3MW was considered an isolated event.
Lycopene
In the households of Brazilian metropolitan areas, Goiânia and Brasília-DF, the ranking of food items according to their per-cent contribution in lycopene was: tomatoes, tomato paste, watermelon and papaya (Table 3) .
Red papaya, nearly absent from the shopping list of the poorer homes, was often detected as the fourth contributing source of lycopene, in the range of 10% or higher. Worthy of mention was the adoption of tomato paste by the lower bracket households, instead Listing was abridged to contain only food items that would contribute with at least ~6% of fresh tomatoes, as was the tomato sauce by the more affluent families. The apparent decrease in the consumption of tomato paste with the increase of revenue may be associated with concomitant increase in the number of meals outside of the domicile. It was interesting to notice that in Goiânia, the item "other tropical fruits", including the red guava, contributed more than in the remaining centers to the household availability of lycopene.
Lutein and Zeaxanthin
As in the case of β-carotene, leafy vegetables are among the richest sources of lutein. Outstanding contributions of this carotenoid, however, came from only kale and lettuce, while corn flour (fubá) and pearoranges were for zeaxanthin (Table 4 ). The Northeast regions of Fortaleza, Recife and Salvador, notoriously ignored the consumption of leafs, although the zeaxanthin contained in corn flour was a fortuitous compensation.
Discussion
In the absence of a more appropriate database, we have attempted to use the data collected by the POF-IBGE (1995/96) for the approximate analysis of carotenoid consumption by the Brazilian urban population. From the point of view of characterizing the food and nutrient intake by the population, the limitations of this wide-reaching and geographically representative survey are well known. Among them are the exclusion of feeding outside the domicile and the unspecified ages of the members of the households surveyed. The results presented here, however, strongly suggest that by international standards, the Brazilian population falls short of consuming sufficient carotenogenic foods, in spite of the privilege of possessing one of the most varied and abundant supplies of fruits and vegetables of the world. As gathered from the nutritional and medical literature, this situation may impact the normal risk of certain diseases.
According to the US Institute of Medicine (IOM, 2001) , adherence to the "Five-a-day for better Health" plan would imply in a prudent ingestion of fruits and vegetables supplying between 9 and 18mg of total carotenoids per day. According to our study, however, the highest rates of procurement were detected in Salvador (7.37mg revenue level of >30MW) and São Paulo (6.56mg, for the bracket 20 -30MW) and were yet far distant from the commonly found values in the majority of the regions (between 1 and 3mg), depicting a scenario of low carotenoid intake in Brazilian urban centers.
Regarding the provitamin-A carotenoids, (prudent ingestion of 5.2 to 6mg; IOM, 2000), Both Salvador (3.2mg, >30MW) and São Paulo (3.2mg, 20 -30MW) exhibited the highest procurement. Since only the lowest income population may not have sufficient access to sources of preformed vitamin A, the low consumption of this particular group of carotenoids may pose an inadequacy threat to the lower end of the income scale.
While the prudent ingestion of β-carotene (from 3 to 6mg) could be considered high by some, daily intakes of between 2 and 6mg are observed among adults in developed nations (WCRF/AICR, 1997). The present analysis shows, however, that with the exception of a restricted fraction of the Brazilian population (São Paulo, 2.6mg/day; 20 -30MW and Salvador, 2.2mg, revenue >30MW), the great majority of the regions studied appeared by such standards to express low procurement of this nutrient.
For α-carotene, the NHANES III showed that in the United States 39 and 29μg/day are normally consumed by men and women in the same life stage and same percentile, respectively, whereas for β-cryptoxanthin, 102 (men) and 71μg/day (women) are consumed. Analogously, the consumption of lutein + zeaxanthin was 1,839 and 1,353μg/day, for men and women from 19 to 30 years, respectively. With respect to lycopene, the ingestions reported were 11,546 and 7,932μg/day, for 19 to 30 years, respectively (IOM, 2001 ).
In the majority of industrialized nations, vegetables and fruits are estimated to provide between 2 and 3mg/day of provitamin-A carotenoids, with β-carotene being the main contributor. According to the German National Food Composition Survey, the average ingestion of β-carotene has been 1.81mg/day. In Finland, ingestion ranges between 1.7 and 2.1mg/ day, whereas in Holland the average is 3.0mg/day (European Commission, 2000) .
A general trend emerges from our analysis that only affluent families may be ingesting similar or nearly similar amounts of β-carotene in Brazil to those in the United States. The data show that families with revenues of >30MW in Recife, Belo Horizonte and Rio de Janeiro, >15MW in Salvador, >20MW in Goiânia, 10 -15MW and >20MW in Brasília and São Paulo, surpass the daily level of 1.3mg consumed by the 50 percentile of men and women between the ages of 19 and 30y cited in the NHANES III.
On the other hand, the results presented here (Table 1) for α-carotene allow us to conclude that the per-capita procurement of this carotenoid was greater than the estimated intake for men and women with ages between 19 and 30y in the US (50 percentile of consumption). Additionally, a similar statement can be made with regard to β-cryptoxanthin.
Although the impact of this advantage on the general state of health of the population is not known, the significantly inferior purchase of lycopene and lutein + zeaxanthin food sources in Brazilian urban centers, would probably bear a negative impact on the prevalence rates of esophageal, lung and prostate cancer, with regards to lycopene and both age-related macular degeneration (AMD) and cataract, due to the lack of lutein + zeaxanthin. The carotenoid procurement estimated from the present study suggests that at the time this survey was conducted the dweller of large Brazilian urban centers was unnecessarily exposed to higher risks of certain diseases, upon which dietary carotenoids are recognized to exert various modulating effects.
Upon identification of the major food items contributing to the total carotenoid intake (Tables 2 -4) it becomes evident that the population of the different regions of the country have their own preferences but that these are modulated by the level of income, with the possible influence of nutrition education.
Even in the absence of true carotenoid intake data by the population, it would be of interest to extend and compare the results of this study with the more recent IBGE 2002/2003 survey.
